^ VVtriff vVohnraume nicht test versiegeit war¬ 
den. bewjrkt die Luftung durch ..normale " 
Leckstellen. etwa durch Risse an Fenstem 
und Turen, zumindest den Austausch des 
gesamren Luftvolumens innerhalb einerStun- 
de Unter normalen Lebensumstanden 1st eins 
obere Grenza fur den Ansiieg der CO-Kon- 
zentration also ganz otfenbar praktisch nicht 
zu ubersctireiten. 

Im ubngen dart der Passagierraum eines 
modernen Dusenflugzeuges wohl als der 'am 
besten geluftete Raum bezeichnet werden. 
ir dem Menschen teben. Hier erfolgt ein 
vollstandiger Luftaustausch schon innerhalb 
von drei Minuten. Selbst wenn jeder einzelne 
der 165 Passagiere enter vollbesetzten 
Boeing 707 je Stunde vier Zigaretten rauchen 
wurde. fubrte dies lediglich zu einem Ansheg 
der CO-Konzentration in der Raumluft urn 
12 ppm. In der Situation ernes normalen 
Fluges wurden im Durchschmtt 2 bis 3 ppm 
CO gemessen. Die einzelnen MeBwene lagen 
zwischen Null und 5 ppm. 

Diese Beispiele unterstreichen die Bedeutung 
vernunftiger Luftung zur Verbesserung der 
Qualitat von Raumluft. Wenn die Luftung 
ausreicht. widnge Geruche auf ein Minimum 
zu senken und damn em behagliches Raum- 
klima zu schaflen. bewirkt auch das Ziga- 
rettenrauchen keme uberhohren Konzentra- 
tionen an CO oder anderen, moglicherweise 
rritierenden Rauchbestandtetlen. Unter sol- 
chen Bedmgungen sind Rauchverbote Oder 
die Abgrenzung von Raucherzonen nicht er- 
forderlich, 

Inhalation von CO und Bildung 
von Carboxyhamoglobin 

Die hauptsachliche (wenn nicht die einzige) 
Wirkung der Inhalation von CO ist die Bil¬ 
dung von COHb im Blut (Abb 1). Kohlen- 
monoxid geht nut deni Hamoglobin eine feste 
Bindung ein und hinder! es an seiner Aufgabe, 
den Sauerstoff in die Gewebe bzw. das 
Kohlenmonoxid in die Lunge zu transpor- 
tieren. Der Gehalt an Carboxyhamoglobin 
(ausgedruckt als der Anted des so gebun- 
denen Hainoglobrns) hangt von der Konzen¬ 
tration des CO m der Lunge, von der Dauer 
der Einwirkung, der Atemfrequenz, der 
Schlagfrequenz des Herzens, von der korper- 
llchen Belaslung und von anderen Fakioren 
ab. Unter konstamen Bedlngungen stellt sich 
schlie&ltch ein Glerchgewichl der Konzen- 
tration von COHb ein. Die Bildung von COHb 
rsl reversibel Bei geringen CO-Konzentra- 
tionen gibt das COHb Kohlenmonoxid ab. 
und das Hemoglobin wird wieder frei. Bei 
eirter entsprechend hohen Konzentration von 
COHb (50 bis 70 Prozent) kann der im Ge¬ 
webe benotigte Sauersioff nicht mehr aus- 
reichend zur Verfugung gestellt werden, und 
es kommt zu zehlreichen Beeintrachtigungen 
der Koiperfunktionen. Wie spatpr gezeigt 
wird. hat die Inhalation von Tabakrauch aus 
■ter Raumluft keine derarligen Wirkungen, 

Wie der Gehalt der Raumluft an CO aus 
tabakrauch zu beurteden ist. hangt allein 
vom Ausmali der Bildung von COHb bei der 
betreffenden Person ab. Aussagen. die sich 
nur auf die Konzentration von CO im Tabak- 
■ auch Oder in der Raumluft beschranken. smd 
unzureichend. Bei der Abschatzung der Fol- 
gen gehen sie zumeist mit einem unrealisti- 
schen Urteil iiber die anderen EinfluBfakloren 
einher. Mitteiiungen uber die Konzentration 
von CO als Folge des Rauchens sind daher 
fur die Abschatzung der Wirkung auf den 
Menschen zumeist bedeutungslos. 

Mefiwerte der Konzentration von COHb 

Zahlreiche Autoren errnitlelten die Konzen- 
trationen von COHb bei Rauchem und Nicht- 
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Environmental Carbon Monoxide 
from Cigarette Smoking - A Critique 

by Helmut R. R. Wakeham 


It is often asserted that tobacco smoke in the atmosphere of public places constitutes a health 
hazard to exposed nonsrnokers because of the environmental carbon monoxide generated 
during the burning of a cigarette. Cigarette smoking is an insignificant source of carbon 
monoxide in the overall atmosphere as compared to other natural and manmade sources. 
Even in tightly dosed spaces with a large percentage of smokers, only rarely is it possible to 
build up concentrations which would exceed the established threshold limiting values for 
extended exposures Examples include meeting rooms, houses, buses, and aircraft. Carboxy- 
hemogiobin levels in nonsmokers resulting from carbon monoxide in environmental tobacco 
smoke are below the amount needed to produce the maximum allowable limit of 4 percent 
carboxyhemogiobin in the blood as suggested by the World Health Organization No ev/dence 
has been found indicating adverse effects in healthy individuals from concentrations of carboxy¬ 
hemogiobin at or below these levels. 


Recent publications of the Public Health 
Service (USD HEW) have cited carbon 
monoxide (CO) as a harmful constituent in 
cigarette srnoke. A number of investigators 
have also suggested that smoking contributes 
significantly to the presence of environ¬ 
mental CO, especially in dosed spaces, and 
thus constitutes a hazard to nonsmokers. 
The purpose of the present study was to 
explore this tatter question and to define 
conditions to be encountered in various 
situations. 


Sources of Carbon Monoxide 

It has been estimated that the earth's atmos¬ 
phere at any given moment contains ap¬ 
proximately 530 million metric Ions of CO 
(Table i). Natural and man-made sources 
produce annually ten times this amount. 
Because of the continual consumption of 
CO in a number of oxidation reactions in the 
atmosphere and stratosphere, and in microbial 
actions in the soil, the half-life of atmospheric 
CO is only one-tenth of a year. 

Cigarette smoking worldwide is estimated to 
produce only about 0 6 million tons of CO 


I. Annual Production and Losses of 

Atmospheric Carbon Monoxide 


Production 

Atmoshperic Oxi- 
tion of Methane 
Combustion of 
Fossil Fuels 
Escape from 
Oceanic Solution 
Tobacco Smoking 
Losses 

Atmospheric Oxi¬ 
dation to COj 
Stratospheric 
Oxidation 
Soil Micro¬ 
organisms 
Equilibrium Content 


Estimated 
Production or Loss 
in Millions of Tons 

5,000 

270 

150 

0.6 


4.500 

500 

500 

530 


per year as compared to the estimated total of 
over 5000 million tons from ail sources. This 
estimate is based on an average figure of 
0 100 gm per cigarette for both mainstream 
and sidestream smokes. Clearly if one is to 
be concerned about CO from smoking, it 
must be from a local concentration point of 
view rather than from the total amount 
available in the atmosphere, for this reason. 


attention is usually focused on smoking in 
enc/osad spaces such as rooms, buses, 
automobiles, airplanes, arenas, etc. 

Concentrations of CO in Closed Spaces 

Carbon monoxide concentrations in non- 
urban outdoor atmospheres are usually less 
than 2 ppm. In highly populated cities average 
concentrations may range as high as 10 ppm, 
depending on proximity to sources (high¬ 
ways or streets, factories, etc.) and art cir¬ 
culation (or stagnation) in general, outdoor 
concentrations are less than the ambient air 
quality standard of 9 ppm or the USA En¬ 
vironmental Protection Agency standard 
limit of 8 ppm for 24-hour exposure. 

In enclosed spaces such as homes, offices, 
elevators, workshops, autos, buses, aircraft, 
etc., maximum equilibrium concentrations Of 
CO build up from smokrng depend on rates 
of cigarette smoking, volume of spaces, 
ventilation rates, and CO losses. A large 
number of combinations hove been investi¬ 
gated and measured. Many of the tests were 
carried out under extreme conditions that are 
unrealistic in terms of usual human exposures. 
Some recent results are listed in Table II. 
it is immediately evident from these data that 
under realistic conditions, CQ concentrations 
from smoking are only one-fifth tv one- 
tenth of those reported in sealed climatic 
chambers or unventiiated rooms . Both Russell 
and Harke found that in these dosed, un¬ 
ventiiated, smoke-filled rooms people ex¬ 
perience annoying eye and nose irritations 
long before (be CO concentration in the 
room reaches 40 ppm. 

The American Conference of Governmental 
industrial Hygienists has established a 
Threshold Limiting Value for CO of 50 ppm 
as the maximum for 8-hour daily exposure. 
Jones and Eagan have shown that in a closed 
room or house it is almost impossible to attain 
this concentration of CO by smoking alone. 
The reason for this is that unless the space 
is tightly sealed, "normal" leakage through 
cracks around doors and windows permits 
substantial circulation of air into and out of 
the room, usually sufficient to change the 
total volume of atr at least once every hour. 
There seems to be a practical, upper limit to 
the possible buildup of CO concentration 
from smoking in the real-life situation, 
in this connection the modern jet passenger 
aircraft is probably the most effectively ven¬ 
tilated enclosed space occupied by humans, 
since a complete change of atr occurs every 
three minutes. Even if all the 765 passengers 
in a full Boeing 707 aircraft were smoking 
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__ sie fur eine Jangere ^eusprinne 

^-'kc'pjl^iche - Leistungen voiibringen, konme 
dies '-erfruhi z u Herzschmerzen fuhren. Es 
scheint aber ziemlich unwahrscheinlich, dafi 
jemand ausgerechnet in einem stark ver- 
quaimtem Raum seme Turnubungen machen 
will. 

Stewart's Monographic uber die Physiologie 
der CO-Wirkung enthalt auch eine Zusam- 
menfassung der Reakt/on des Menschen auf 
unterschiedliche Konzentrationen von CQJHb 
(Tabelle IV). 


Fotgerungen 

Vie/e Forscher, die sich mit dem CO-Problem 
befa&t haben, gehen einig mit dem Ergebnis 
einer Kdnferenz uber die ..Wirkungen von 
Tabakrauch in der Umgebungsluft auf den 
Nichtraucher". das im Scandinavian Journal 
of Respiratory Diseases veroffentlicht wurde: 
,,Unter realisfischen Umwe/tbedmgungen 
mag es zu CQ-Konzentrationen bis 10 ppm 
kommen. Hohere Konzentrationen, uber die 
vereinzelt bertchtet wird, iagen nur fiir kurze 
Zeit vor Oder sie wurden 2U Versuchszwecken 


geschaffen. Wenn erne Konzentration von 
10 ppm CO fur acht Stunden anhalten solite, 
wurde der COHb-Spiegef bis auf 1,9 Prozeni 
ansteigen. Dieser Wert liegt deytlich unter 
dem von der WHO empfohJenen Schwellen- 
wert von 4 Prozent. Bei solchen umweftbe- 
dingten Konzentrationen rst mit keinen nach- 
teiligen biologischen Folgen zu recbnen. Das 
aus Tabakrauch stammende CO in der Um- 
gebungsiuft steilt daher kerne Gefahr fur die 
Gesundheit dar." j 

Macfidruck ausi >tPrBV£nijve Medicine* 

Dezemoer 1977, Seiten 526-534 
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at the rate of four cigarettes per hour, the 
ambient CO concentration would only in - 
crease by 12 ppm. The levels measured in 
actual flights averaged 2-3 ppm (range 
0-5 ppm). 

These examples serve to emphasize the im¬ 
portance of reasonable ventilation as a means 
of reducing interior environmental pollution 
of any kind. Spaces which are ventilated to 
minimize offensive odours and to provide 
comfort conditioning are usually also free of 
excessive concentrations of carbon monoxide 
and other potentially annoying or irritating 
gases or aerosols, even though cigarette 
smoking is taking piace. In such situations 
it Should not be necessary to designate 
smoking areas or fo impose prohibition. 


Inhaled CO and Carboxyhemoglobm 

The main effect (if not the only effect) of 
inhaling CO is the formation of carboxy- 
hemoglobin (COHb) in the blood (Figure If. 
CO binds strongly to hemoglobin preventing 
it from performing its intended function of 
transporting oxygen to the tissues and carbon 
dioxide to the lungs. The level of COHb 
(expressed as a percent of the hemoglobin so 
taken up) depends upon the concentration 
of CO in the lungs. the time of exposure, the 
rates of respiration and heart beat, exercise 
factors, etc.. Eventually under constant con¬ 
ditions an equilibrium concentration of 
COHb is established. The formation of 
COHb is reversible so that at lower con 
centrations of CO, the excess COHb breaks 
down to release CO and free hemoglobin. 
Obviously, at high enough levels of COHb 
(50-70 percent) oxygen needed by various 
tissues is no longer supplied in adequate 
amounts and various adverse effects on body 
functions are observable. That such effects 
do not take place from inhaling environmen¬ 
tal cigarette smoke will be shown later, 

Under the relationships between environ¬ 
mental CO from smoke and COHb, the only 
important question is: How much COHb is 
formed in the exposed subjects ? fn fact this 
is the only complete statement one can make 
about CO exposure. Statements limited to 
transient concentrations of CO in smoke or 
in the atmosphere a/e inadequate to define 
what is taking place. Inferences from such 
in for/nation about the effects of CO are 
usually based on unrealistic assumptions 
concerning the other conditions involved. 
For this reason, most of the information in 
the fiterature about CO concentrations from 
smoking is not meaningful in terms of humas 
experience. 


Figure 1: Effects of high levels 
of carbon monoxide 



Parts per million 


Note that in the lower left hand corner 
are shown the values of 5% COHb, the 
level found for the average smoker in an 
urban environment; and the atmospheric 
concentration value of 50 ppm. the 
Threshold Limiting Value established by 
the American Conference of Governmental 
Industrial Hygienists. 


Observed COHb Concentrations 

The literature contains many studies on the 
COHb concentrations in smokers and in 
nonsmokers under various circumstances. 
Suet) investigations are invariably complicat¬ 
ed by the fact that differing CO concentra¬ 
tions are found in various environments even 
in the absence of smoking, fn fact, the human 
body itself generates CO de novo so that 
the blood always contains from 0.4 to 1 
percent COHb. Table' III summarizes some of 
the recent findings. 

The pattern from these data is very dear. 
Nonsmokers will generally have less than 
2 percent COHb depending upon the 
situation to which they are exposed. Only 
in extreme situations such as those used by 
Russell in his experiments will nonsmokers 
experience COHb levels in excess of 2 
percent from cigarette smoke-filled environ¬ 
ments. In his experiment 2f persons were 
crowded into a sealed chamber 15* 12*8 ft. 
and exposed to the smoke of 80 cigarettes 
and two cigars in a 78 minute period. 
The CO concentration rose to a maximum of 
38 ppm and the average COHb for the 
nonsmokers increased from t .6 percent to 
2 6 percent. In Russells description: "The 
exposure was very unpleasant, causing eyes 
to burn and water. For most volunteers it was 
worse than they could recall having tolerated 
on normal occasions." 

The World Health Organization has suggested 
a maximum of 4 percent COHb as a level 
which is safe from ah possible adverse effects 
under continuous exposure conditions. In 
order to reach this level, the nonsmokers in 
the situation Russell designed would have 
had to remain in the intolerably smoky room 
at feast another 78 minutes. , 


II. Maximum CO Concentrations Recently Reported In 
Estimated Smoke 

Situation Generat ion Rate Ventilation 

Cigs/m 3 /hr. Air changes/hr. 

Enclosed Spaces 
Maximum 

CO 

ppm 

With little or no ventilation 

Room 58 m 3 2.6 

None ( ?) 

50 

Room 43 rn 3 

1 A 

None (?) 

38 

Small autos on Hamburg 
streets 

-3.0 

Vents dosed 

24.3 

Stationary auto 

-.3 0 

Vents closed 

110.4 

Unvemiiated climate 
chamber 30 m 3 

6.0 

0.1 

35 — 10 min. 

With normal ventilation 

Room 58 m 3 

2.6 

8.8 

10 

Party of 50 people in 

170 m 3 room 

0.26 

7.0 

7 

Room 80 m 3 

0.3 

6.4 

6 

Small autos on Hamburg 
streets 

-3.0 

Vents open 

12.0 

Stationary auto in wind 
tunnef 

— 3 

-60 

5-6 


ran 1 78 



Source: https://www.industrydocuments.ucsf.edu/docs/jmjj0001 
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Harke carried out similar experiments and 
made the following concluding statement: 
"ft does not appear possible that such smoke 
densities can be generated by smokers. This 
experiment using smokers frather than smok¬ 
ing machinesj would only be reproducible 
when 50 persons were placed in the room 
(floor space 62 m 2 ). and each of them would 
smoke three cigarettes during a period of 
30 minutes. The irritation .. . would be so 
great that certainly a large majority of the 
smokers would have to leave the room 
prior to the end of the smoking period.'’ 

/t should be emphasized that because of the 
dynamic interchange of CQ between the 
inhaled air and the COHb in the blood, the 
level of COHb is constantly changing, 
depending on circumstances. Mcllvaine and 
associates have measured COHb values at 
two-hour intervals throughout the day for 
smokers and nonsmokers. Some results are 
shown in Figure 2. Obviously, the definition 
of an average condition of exposure to CO 
presents some difficulties. 

Response of Healthy Individuals 
to Increased COHb 

Many investigators have carried out per¬ 
formance and pathological tests aimed at 
showing that increased COHb in the blood 
impairs the well-being of the persons ex¬ 
posed to CO in the environment . Performance 
tests are generally directed to demonstrating 
the impairment of oxygen sensitive organs 
such as the eye and the brain . These researches 
indicate that no discernible effects occur m 
normal heafthfy adults below W percent 
COHb. Some effects may be observed at 
relatively high and unusual COHb /eve/s 
(75 percent and over), 

Recently, a number of studies have been 
carried out to explore the hypothesis that CO 
exposure contributes to pathological changes 
leading to atherosclerosis. Pigeons, rabbits, 
dogs, primates , and man have all been in¬ 
vestigated. No firm indications of detrimental 
effects have so far been found at COHb levels 
of less than 15 percent. 

The recommendation by WHO of 4 percent 
COHb as the maximum safe level is con - 
sidered by this reviewer as cautiously con¬ 
servative. The evidence to date indicates 
that only if the individual is handicapped with 
severe heart disease might he have some 
difficulties at the 4 percent COHb level and 
even then the probability is very low. Such 
a person may lack sufficient reserve to com¬ 
pensate for such loss in oxygen carrying 
capacity of the blood. Hence, if he were also 
exercising for a considerable period of time 
he might experience early onset of chest 
pains. (It is hardly likely that a room where 
people are smoking heavily is also a place 
where one would be engaging in strenuous 
exercise). 

Stewart in his overall review of the physiolo¬ 
gical effects of CO has published the in¬ 
formation in Table IV summarizing human 
responses to various levels of CGHb. 
Conclusions 

The following conclusion which appears in 
the Workshop Report entitled "Environ¬ 
mental Tobacco Smoke Effects Qn the Non- 
Smoker 1 ' published in the Scandinavian 
Journal of Respiratory Diseases, is supported 
by many investigators who have studied this 
problem. "Concentrations that are present 
under realistic environmental conditions may 
reach about 10 ppm. ft is true that higher con¬ 
centrations have been reported, but they 
represent only transient values or levels 
reached under experimental conditions. If 


Figure 2: Temporal variations of COHb concentration 



Note that the COHb level of the nonsmoking motor pool manager increases during the day 
when he is at work and quickly drops again at the end of the work day. The smoking house¬ 
wife would have a daily average of about 5% characteristic of smokers, the value shown in 
the lower left hand comer of Figure 1. 


111. Carboxyhemoglobin Levels in 

Description 

Smokers and Nonsmokers 

Mean (m) or flange (r) of percent COHb 
Norrsmokers Smokers 

UK pregnant women 

m 1.1 percent 

m 3.6 percent 

Meat porters 

m 1,6 

m 5.1 

Office workers 

m 1.3 

m 6 2 

London office workers 

m 1.12 

m 5.5 


r 0.1-27 

r 2.2-13.0 

29,000 USA blood donors 

m 1.39 

m 5 57 


i 0.4-6.9 

r 0.3-11.9 

3.311 California longshoremen 

m 1.3 

m 5.9 

Munich population 

m 2.36 

m 7.38 

Rural Bavarians 

m 1.03 

m 6.06 


IV, Human Response to Elevated Carboxyhemoglobin in the Blood 1 

% COHb 

Healthy Adult 

Heart Patients 

0.3- 0.7 

Normal 

Normal 

1- 5 

Increased blood flow 

May feel lack of oxygen 

2- 9 

Exercise tolerance reduced 

Chest pains with less exertion 

16-20 

Headache, lowered visual 

May be lethal (or patients with 


response 

severe cardiac problems 

20-30 

Throbbing headache, nausea. 



impaired manual dexterity 


30-40 

Severe headache, nausea, and 



vomiting 


50- 

Coma, convulsions 


67-70 

Lethal 



the exposure to 10 ppm were to prevail for 
8 hours the resulting COHb concentration 
would be 1.9 percent. This value is well 
below the suggested WHO maximum of 4 per • 
cent. At these levels no adverse biological 
effects will occur in a population that can be 


expected to be present in such environments. 
It can thus be concluded that the carbon 
monoxide in environmental tobacco smoke 
does not represent a health hazard.” fl 

Reprint from article in Preveittiwg Medicine’, 

December 1977, pages 526-53 d 
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